A rapid and precise method is developed for the determination of aluminium in water. The results demonstrate that the calibration range of the assay can be extended by a simple manipulation of the control program of the flow analyser. An RSD of 1"8% is achieved for injection of standards and the theoretical limit of detection is estimated at 0"33ppm alum (equivalent to 18ppb Al+). The method is applied to monitoring of environmental samples.
Introduction
Aluminium is the third most abundant element on the Earth's surface. It was brought to the public's attention recently, when, in 1988, a significant quantity of aluminium sulphate (alum) was mistakenly discharged into the water supply system to the village of Camelford in Cornwall. Local residents soon complained of adverse discomfort and hair discolouration. Alum, at more appropriate levels, is added to natural waters to remove impurities from peaty soils and to reduce treatment necessary by chlorination. Although it has been extensively reported in the media that aluminium is the probable cause of Alzheimer's disease, a recent report by the Aluminium Association in the USA has concluded that the cause of Alzheimer's disease is not known and ordinary environmental exposure to aluminium is safe. It should be noted that only 4% of the total exposure of aluminium to humans comes from natural waters and over 90% of it comes from food. Aluminium is leached from the soil by acidic precipitation, the mechanism of ionic transport is studied by Driscoll and Schecher [2] .
Instrumental methods which are most widely used for the determination of aluminium include atomic absorption spectroscopy, inductively coupled plasma emission spectroscopy and neutron activation analysis. Photometric techniques for its determination are widely available.
However, they rely on the reaction of a complexing agent with A1+, the latter is susceptible to hydrolysis in aqueous solutions. Below pH 5, the A1 a+ ion predominates, this slowly hydrolyses as the pH increases. At neutral pH, it was originally thought that soluble aquospecies of aluminium did not exist and they could only be stabilized by complexation or the formation of insoluble hydroxides [3] . Bertsch [4] [7] highlighted the importance of pH as most of the organic reagents possess an extremely narrow optimum pH range. Marczenko and Jarosz [8] [13] and adapted a system based on PCV [14] . Bouzid and Macdonald [15] Hence, a calibration of up to 20 ppm of alum is required, corresponding to 1" 13 ppm of A1.
The flow analyser has remained virtually unchanged from that previously described [17] . The 15 and 20 ppm of alum standards. All the solutions were prepared in de-ionized water which was filtered through a 0"45 micron filter and de-gassed using nitrogen. A combined reagent system was prepared by mixing the following stock solutions: 10 ml CAS + 20 ml CPC + 3 ml masking agent + 3 ml buffer and 30 ml ethanol. The constituents were added in the order stated and the mixture was allowed to cool before topping up to 100 ml with water.
This reagent system had a pH of 5"0 + 0" and was stable for at least 24 hours. A pH of 5"0 was selected to ensure that the species analysed would be predominantly monomeric A13+, it also fell conveniently into the optimum pH range for the CAS/CPC combination [8] . Such Tyson 18] studied the phenomenon ofreagent dispersion in a single-line manifold and explained the occurrence of double peaks, generated when the reagent and the sample components became inter-dispersed. In the authors' experiments, the sample-reagent mixture peak at low sample concentrations appeared as a small peak along the leading edge of the flow profile, and is followed by a larger peak caused by absorbance of the higher concentration reagent mixture. At higher sample concentrations the situation was reversed as the sample-reagent peak is much larger than the reagent peak. The time between the sample injection and the appearance of the first peak, the sample-reagent peak, was the same regardless of the concentration of the sample, as would be expected from basic FIA principles. In these experiments the product absorbance was recorded at a point before the maximum of the sample-reagent mixture peak and this value was used for the analytical measurement. This time was called the 'peak time'. This procedure ensured that the analytical measurement was derived from the samplereagent mixture and not influenced by excess reagent absorbance. (AU/ppm) (AU) 
